Introduction
Hypertension (HTN) also known as high blood pressure (HBP) is a type of metabolic disorder in which blood pressure in the arteries is persistently elevated [1] . Blood pressure is the force blood pushes against the walls of arteries as it flows through them and it usually does not cause symptoms [2] . This is expressed using two measurements, the systolic and diastolic pressures, meaning the maximum and minimum pressures, respectively [2] . The normal blood pressure at rest is established within the range of 100-140 millimeters mercury (mmHg) systolic and 60-90 mmHg diastolic [3] . It is indicated that high blood pressure is present if the resting blood pressure is persistently at or above 140/90 mmHg for most adults [4] . Hypertension has been established as a major risk factor for cardiovascular disease as well as erectile dysfunction [5, 6] .
Chobanian et al. [7] have grouped high blood pressure into different stages as Normal stage= (90/60 -119/79), High normal, (pre-hypertensive) blood pressure while some rare genetic variants have tremendous effects on blood pressure. The environmental factors which influence blood pressure include: high salt intake, this raises the blood pressure in salt sensitive individuals; lack of exercise, obesity, depression and stress [9] .
Stress on the other hand, is a body response to any kind of demand or threat including protection of the body when working properly. If stress is prolonged, it becomes dangerous and can lead to adjustments in homeostasis including pathological effects on metabolism, vascular function, tissue repair, immune function, nervous and endocrine system function thereby releasing a flood of stress hormones [10] .
The imbalance between the production of reactive oxygen species (ROS) and anti-oxidant defense is termed oxidative stress [11] . The natural byproduct of the normal metabolism of oxygen is known as ROS; it includes peroxides, superoxide, hydroxyl radical and singlet oxygen. ROS can be produced from pollutants, tobacco, smoke, drugs, xenobiotics, eating unhealthy diet or radiation and during stress; ROS levels can be elevated resulting in oxidative stress [12] but the antioxidants are needed in the body to counteract the effects of the free radicals thereby reducing oxidative stress.
Several reports have established that ROS can influence the vascular, renal, cardiac function and structure by modulating cell growth, contracting and dilatation of cell, and inflammatory responses through redox-dependent signaling pathways [13] [14] [15] . Evidence has shown that reactive oxygen species plays an important role in the pathophysiology of hypertension. The vasculature is a rich source of Nicotinamide adenine di-phosphate (NADPH) which produces most of the reactive oxygen species and plays an important role in renal dysfunction and vascular damage leading to erectile dysfunction [16] . The authors indicated that increased oxidative stress is grossly implicated in the endothelial damage and pathogenesis of hypertension with reduced bioavailability of antioxidants.
The important male reproductive hormones are Follicle Stimulating Hormone (FSH), Luteinizing Hormone (LH) and Testosterone (TT). FSH stimulates sperm production while (LH) known as interstitial cell stimulating hormone (ICSH) stimulates testosterone production that is needed for sperm production. Testosterone (TT) on the other hand, stimulates secondary sex characteristics and sex drives [17] . Stress has been implicated in male infertility; it also affects the testicular function [18] . Reports have shown that lower circulating testosterone and androstenedione levels are implicated in hypertension [19] [20] [21] . This may reflect increased stress. It has been indicated that testosterone level lowers in response to stress induced by myocardial infarction, surgery, head trauma, burns, hypoxia, sleep deprivation and psychological stressors [22] . On the other hand, testosterone has been reported to have pro-hypertensive effects by enhancing the activity of tyrosine hydroxylase, which is the rate limiting enzyme in norepinephrine synthesis. The overall increase in norepinephrine levels can lead to the development of hypertension in male animals [23] . Testosterone also up-regulates the release of the potent vasoconstrictor neuropeptide Y [24] . This shows that testosterone can activate the mechanisms that cause both vasoconstriction and vasorelaxation and the balance can determine its net effect on blood pressure, hence the health implication of this in adult hypertensive men.
Materials and Methods

Subjects
A total of 150 male individuals were randomly recruited for this study at Nnamdi Azikiwe University Teaching Hospital Nnewi, and were divided into 2 groups, which includes 90 newly diagnosed hypertensive male subjects and 60 non-hypertensive male subjects (control). The subjects were all adult males between the ages of 30-65 (49.98 ± 9.90) years.
Study design
This was a prospective case control study designed to assess the impact of oxidative stress on male sex hormone (FSH, LH and TT) of men diagnosed with hypertension at Nnamdi Azikiwe University Teaching Hospital Nnewi (NAUTH) to ascertain their fertility state. The subjects were randomly recruited after obtaining their consent. Anthropometric measurements including Body mass index (BMI) was calculated as weight, divided by height squared (kg/m 2 ). While Blood pressure was taken on the left arm after 5 min relaxation, in a sitting position, using a standard mercury sphygmomanometer with appropriate cuff size. Systolic (SBP) and diastolic (DBP) blood pressures corresponded to Korotkoff sounds 1 and V respectively. The average of three readings, taken at first, was used for further analysis. A well-structured questionnaire was used to ascertain their knowledge about hypertension and fertility status. 10 ml of blood sample was aseptically collected between 8-10am and dispensed into a well labeled plain tube and allowed to clot, retract and centrifuged at 3,000rpm for 5 min. The serum was separated into well labeled plain bottles and stored frozen at -20 o C until assayed for male sex hormones and oxidative stress parameters.
Exclusion and inclusion criteria
Those taken anti-hypertensive drugs, fertility drugs, anti-malaria drugs and antioxidant supplementations were excluded from the study. Diabetic patients were equally excluded. Newly diagnosed hypertensive men, age between 30-65 (49.98 ± 9.90) years who were not yet on any antihypertensive drugs and normotensive men of the same age who serves as control were included in the study.
Methods
Determination of male sex hormones (Testosterone, Luteinizing hormone and Follicle stimulating hormone) were done according to the methods of Dorfman and Shipley [25] , Koasa [26] and Odell et al. [27] respectively, using enzyme-linked immunosorbent assay (ELISA).
Determination of Superoxide Dismutase (SOD) Activity
This was done using Misra and Fridovich [28] method as described by Akinduko et al. [29] with little modifications.
Principle
The ability of superoxide dismutase to inhibit the auto oxidation of adrenaline at pH 10.2 makes this reaction a basis for the SOD assay. Superoxide anion (O 2-) generated by the xanthine oxidase reaction is known to cause the oxidation of adrenaline to adrenochrome. The yield of adrenochrome produced per superoxide anion introduced increased with increasing pH and also with increasing concentration of adrenaline. These led to the proposal that auto oxidation of adrenaline proceeds by at least two distinct pathways, one of which is a free radical chain reaction involving superoxide radical and hence could be inhibited by SOD. In the Procedure, Eighty micro liters of sample/blank was added to 1000 μl of carbonate buffer (pH 10.2), mixed and incubated at 37°C for 5 min and then 600 μl of freshly prepared epinephrine was added and read after 30 s, at 30 s intervals for 150 s at 480 nm. The serum SOD activity is calculated from the blank and expressed as U/L.
Determination of Malondialdehyde (MDA)
MDA concentration was estimated as reactive substances by a thiobarbituric acid assay method described by Buege and Aust [30] .
Principle: This method quantifies lipid hydro-peroxides by measuring aldehyde break down product of lipid-peroxidation. Basic principle of the method is the reaction of one molecule of malondialdehyde and two molecule of thiobarbituric acid to form a red MDA-TBA complex, which can be measured at 535nm. Procedure, to 0.4 ml of serum, 0.8 ml TCA-TBA-HCL reagent was added. Mixed well and kept in boiling water bath for 10 min. After cooling 1.0 ml freshly prepared 1N NaOH solution was added so as to eliminate centrifugation. The absorbance of pink colour formed was measured by spectrophotometer against blank at 535 nm. The concentration of MDA was determined using molar extinction coefficient of 1.56X10 5 moles per litre and the results expressed as nmol/ml.
Estimation of Total Antioxidant Capacity (TAC)
Total antioxidant statue was estimated by Ferric Reducing Ability of Plasma (FRAP) method by Benzie and Strain, [31] .
Principle and procedure: At low pH, antioxidant power causes the reduction of ferric tripyridyl triazine (Fe III TPTZ) complex to ferrous form (which has an intense blue colour) that can be monitored by measuring the change in absorption at 593 nm. Ferric Reducing Ability of Plasma (FRAP) values are obtained by comparing the absorbance change at 593 nm in mixture (test), with those containing ferrous ion in known concentration (standard). In the procedure, nine hundred microliter (900 μl) of working reagent which is a mixture of Acetate buffer, Ferric chloride, and Tripyridyltriazine in the ratio of 10:1:1 respectively was added to 30 μl of sample/standard/blank and incubated at 37°C for 10 min and then read at 593 nm. TAS was calculated and expressed in Umol/L.
Anthropometric index
The assessment of BMI, height, and weight measurements were taken using standard protocols given by Weiner and Lourie [32] .
Statistical analysis
Statistical analyses of the data collected were carried out using SPSS 21.0. Beside descriptive statistics, t -test was done. Correlation analyses were determined by Pearson moment correlation. The results were deemed significant when p<0.05.
Results
Levels of anthropometric index (age (years), BMI (kg/m 2 ), SBP (mmHg), DBP (mmHg)) in hypertensive and control subjects
In the present study the mean levels of age and BMI in hypertensive subjects (49.27 ± 9.60, 25.18 ± 6.50) were not significantly different when compared to control subjects (48.70 ± 10.30, 26.70 ± 5.00) (p˃0.05). On the other hand, the mean values of SBP and DBP were significantly higher in hypertensive subjects (157.10 ± 15.40, 99.40 ± 8.94) when compared to control subjects (114.50 ± 8.30, 76.60 ± 5.90) (p=0.000 respectively) ( Table 1) .
Levels of FSH (mIU/ml), LH (mIU/ml) and TT (ng/ml) in hypertensive and control subjects
In the present study the mean values of FSH and LH were significantly higher in hypertensive subjects (11.94 ± 4.14, 8.46 ± 2.54) when compared to control subjects (7.16 ± 3.40, 3.31 ± 1.74) (p=0.000 respectively). On the contrary, the mean value of the TT in hypertensive subjects (3.19 ± 2.63) was significantly lower compared to the corresponding control subjects (7.32 ± 1.54) (p = 0.000) Table 2 .
Levels of TAC (Umol/L), MDA (nmol/ml) and SOD (U/L) in hypertensive and control subjects
The results show mean TAC in the hypertensive subjects (18.19 ± 5.46) was significantly lower compared to control subjects (36.93 ± 7.55) (p = 0.000). On the other hand, the mean MDA and SOD levels in hypertensive subjects(1.43 ± 0.45, 15.36 ± 6.15) were significantly higher compared to control subjects (0.63 ± 029, 5.28 ± 2.70) (p = 0.000 respectively) ( Table 3) .
Relationship between hypertension (SBP & DBP), male sex hormone (FSH, LH & TT) and oxidative stress markers (TAC, MDA & SOD)
There was significant positive correlation between SBP, DBP and sex hormones FSH, LH. Similar correlation existed between SBP, DBP and oxidative stress markers SOD and MDA while significant negative correlation were observed between SBP, DBP and TT, TAC. Table 4) .
Discussion
In the present study, the significantly higher Body mass index (BMI) observed in hypertensive subjects showed that they were overweight. This may be due to common risk factors for hypertension and obesity which can result to cardiovascular disease. Obesity has been grossly implicated in cardiovascular diseases [33] . Reports have shown that oxidative stress increases with increasing BMI [34] attributed this to be due to an increase in seminal macrophage activation. This can have a negative effect on male reproductive hormones due to increasing ROS production [35] . BMI has been found to be associated with altered sperm parameters in numerous reports [36] [37] [38] . Increased and prolonged oxidative stress causes testicular damage which impedes spermatogenesis resulting in decreased sperm count [39, 40] . It has also been reported that about 25-80% of males with infertility record high levels of ROS [41, 42] . Several studies have associated semen quality with increased BMI which have in overall, affected male reproductive life [36] [37] [38] . The authors attributed the altered spermatogenesis and reduced total sperm count and concentration to absolute generation of reactive oxygen species (ROS), dysregulation of the hypothalamicpituitary-gonadal (HPG) axis, and/or physical manifestations such as hypertension. When production of reactive oxygen species (ROS) is increased and/or their metabolism by anti-oxidant enzymes is impaired, this results to oxidative stress. Oxidative stress is believed to play an important role in both the initiation and progression of a variety of vascular diseases, including hypertension and atherosclerosis [43] .
The mean systolic and diastolic blood pressures were significantly higher among hypertensive subjects than in controls. The results strongly indicate that the subjects used were hypertensive [44] . Mungreiphy et al. [45] reported that the mean SBP and DBP were significantly higher among hypertensive individuals than the normotensive individuals with elevated BMI. The study done by Suman et al. [46] also showed that the mean value of weight, height, pulse rate, SBP and DBP were significantly higher in hypertensive individuals compared to their control. However, chronic oxidative stress occurs when obesity is associated with hypertension [47] [48] [49] . Hypertension is a common risk factor for cardiovascular disease including myocardiac infarction, stroke, chronic kidney diseases and metabolic abnormalities [49] [50] [51] . These can lead to reduction in individual life span if appropriate health interventions are not in place [49, 50] . It has been established that oxidative stress plays a major role in the pathogenesis of hypertension [52, 53] . Human hypertension is associated with a decrease in NO bioavailability and an increase in oxidative stress as well as increased deposition of fats in the arterial walls [54, 55] . Caloric restriction in hypertensive men would lead to marked reduction in ROS generation and other indices of oxidative stress [56] thereby improving wellbeing and reproductive potentials of the affected individuals.
The findings showed that the mean FSH and LH levels were significantly higher while Testosterone levels were significantly lower in hypertensive subjects compared to control subjects. The increase may be as result of loss of negative feedback control action of testosterone to hypothalamic-pituitary system. Increase in FSH and LH may also be as a result of increased level of activin, which is known to increase FSH binding and its biosynthesis and oppose the effects of inhibin on FSH. Activin also participates in androgen synthesis by enhancing LH action in the testes [57] . This is in line with the work done by Hayes et al. [58] . He observed that a decrease in testosterone levels increases the secretion of LH and FSH via negative feedback to hypothalamus and pituitary gland. The decrease seen in testosterone also agreed with the works of Kotitschke et al. [59] and Hu [60] . They deduced that stress causes testosterone depletion; this is because the major target cells in stress condition are sertolic cells which aid testosterone production and are involved in spermatogenesis [59] . HU, [60] observed that glucocorticoid are synthesized in excess during oxidative stress and it reduces the testicular response to LH and concentration of LH receptor which lead to reduced testosterone secretion. On the contrary, Whirledge and Cidlowski [61] observed a significantly lower level of FSH and LH in hypertensive individuals and attributed it to down regulation of GnRH in the Hypothalamic-Pituitary-Gonadal system which leads to impairments of pulsatile release of LH and FSH from pituitary gland. The significant increase in Follicle stimulating hormone in the present study is consistent with other findings [57] . This may be due to increase in activin level which is known to elevate FSH binding and biosynthesis, thereby inhibiting the effect of inhibin on FSH particularly during oxidative stress [57] .
The mean value of TAS was significantly lower in hypertensive subjects compared to control subjects. This may be attributed to decrease in body antioxidant defense due to increase in free radicals. This finding is in consistent with other reports [62, 63] . Marques et al. [64] also demonstrated that increased free radical production in the body can aggravate oxidative damage. The authors attributed this to decrease in antioxidant levels in the body [65] . Pinchuk et al. [66] also observed that TAC decreases with increased oxidative stress in hypertensive individuals. The author also attributed it to excessive free radical that may lead to increased oxidative stress damage. Free radicals are highly reactive and are active participants in different processes. They do not only act as damaging agents, but are very vital in many normal functions of living organisms.
The mean values of MDA and SOD were significantly higher in hypertensive subjects when compared with control subjects. The increased MDA and SOD with decreased TAC in hypertensive subjects could be an indication of oxidative stress. Malondialdehyde is a naturally occurring product of lipid peroxidation. Lipid peroxidation is a well-established mechanism of cellular injury in both plants and animals and is used as an indicator of oxidative stress in cells and tissues [67, 68] . The work of Lefevre et al. [69] observed that the bulk of MDA in human plasma is bound to protein; this explains the very low levels of MDA in plasma as measured under standard assay conditions. Pedrol et al. [70] revealed increased MDA, uric acid, lipid function profile and decrease SOD, CAT, and TAC in hypertension while Kornelia et al. [71] reported that though MDA increased, SOD and CAT do not decrease in hypertension.
The significant positive correlation between FSH, LH and blood pressure indices with significant negative correlation between testosterone and some parameters is suggestive of hypertension which can grossly affect the reproductive potentials of the affected subjects. Table 4 : Relationship between hypertension, male sex hormones and oxidative stress markers.
Similar observation was made between MDA, SOD, TAC and blood pressure parameters showing that hypertension is significantly implicated in oxidative stress damage with reduced antioxidant defenses. Fischer and Swain [72] reported that testosterone alters blood pressure in opposite direction.
The significant negative correlation between LH, TT and MDA, TAC is consistent with work done by Tim, [73] . The author attributed the strong relationship to the production of TT by leydig cells in response to LH. FSH on the other hand, acts on sertolic cells to aid spermatogenesis [58] . However, oxidative stress affects leydig cells thereby leading to low production of TT as a result of low response to LH. Increased oxidative stress results in decreased total antioxidant status of the body. The increase in glucocorticoid as a result of stress had led to increase in lipid peroxidation (MDA). The study of HU [60] showed that increased lipid peroxidation covers LH receptor to leydig cells and this can elevate LH levels in the blood thereby preventing the production of TT. Furthermore, positive relationships were observed between TT and TAC, LH and MDA. Although sertolic cells are affected by stress which causes low level of testosterone, the FSH loop seems to be less affected by the stress mechanism than LH loop [74] . This may be the reason why FSH had no significant relationship with oxidative stress markers. The positive correlation seen in TT vs. TAC shows that TT is affected by stress and this may lead to decreased TAC in the body. While LH increased as result of negative feedback control, there was a proportional increase in MDA. These findings strongly showed that oxidative stress can affect male reproductive hormones.
Conclusion
There were significantly higher levels of FSH, LH with lower TT in hypertensive subjects compared to non-hypertensives which suggests hypogonadism. This may lead to impaired reproductive function. The high levels of MDA, SOD with lower level of TAC in hypertensive subjects compared to control subjects may be attributed to lipid peroxidation due to some degree of oxidative stress with suppressed body's antioxidant defense in hypertensive subjects. The significant positive and negative correlation observed in some male sex hormone, oxidative stress markers and hypertensive indices showed a strong relationship between them. The present study therefore, concludes that increase in blood pressure was associated with increased oxidative stress markers, FSH and LH and decreased testosterone in the study population.
